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ABSTRACT
Recent evidence suggests that follicular development occurs in a wave-like model during the ovarian
cycle, where up to three cohorts of follicles are recruited to complete folliculogenesis. This understand-
ing overtakes the previous dogma stating that follicles grow only during the follicular phase of the
menstrual cycle. Therefore, in in vitro fertilization (IVF), novel protocols regarding ovarian stimulation
have been theorized based on the use of gonadotrophins to prompt the growth of antral follicles at
any stage of the menstrual cycle. These unconventional protocols for ovarian stimulation aim at a
more efficient management of poor-prognosis patients, otherwise exposed to conflicting outcomes
after conventional approaches. DuoStim appears among these unconventional stimulation protocols as
one of the most promising. It combines two consecutive stimulations in the follicular and luteal
phases of the same ovarian cycle, aimed at increasing the number of oocytes retrieved and embryos
produced in the short time-frame. This protocol has been suggested for the treatment of all conditions
requiring a maximal and urgent exploitation of the ovarian reserve, such as oncological patients and
poor responders at an advanced maternal age. At present, data from independent studies have out-
lined the consistency and reproducibility of this approach, which might also reduce the drop-out
between consecutive failed IVF cycles in poor-prognosis patients. However, the protocol must be
standardized, and more robust studies and cost-benefit analyses are needed to highlight the true clin-
ical pros and cons deriving from DuoStim implementation in IVF.
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Introduction

Innovations implemented in in vitro fertilization (IVF) such as
blastocyst culture, single embryo transfer (SET), cryopreserva-
tion, and preimplantation genetic testing for aneuploidies
(PGT-A) represent important advances in our clinical practice
for the management of infertile couples (1). The cryopreser-
vation of gametes and embryos in particular has become
fundamental in each treatment, the influence of which has
been further boosted by the safety and efficiency of vitrifica-
tion protocols. In fact, this method ensures higher cryo-sur-
vival rates compared with slow-freezing at any stage of
preimplantation development (2). All efforts invested in refin-
ing IVF during the last decades have aimed at improving its
efficacy (number of children born per intention-to-treat) and
efficiency (time, drop-out, and risks related to each treat-
ment). With regard to this, an individualized approach
(according to each couple’s specific characteristics) has
become pivotal for many IVF specialists. If, on the one hand,
patients with expected high or normal response to the

ovarian stimulation might benefit from validated and
reproducible strategies, on the other, the management of
poor-prognosis patients is still challenging (3,4). This latter
category embraces both advanced maternal age and poor-
responder patients. The assessment of the predicted
response to controlled ovarian stimulation (COS) is therefore
crucial for the personalization of the treatment and to accur-
ately estimate chances of success and inherent risks in add-
ition to complications. Currently, the tailoring of COS is
based on: (i) different daily doses and type of gonadotro-
phins; (ii) the use of GnRH antagonists or agonists to inhibit
the luteinizing hormone (LH) peak; (iii) the kind of medica-
tions chosen to trigger final oocyte maturation (hGC or
GnRH agonist); (iv) the application of fresh or cryopreserved
embryo transfer (ET) policy; and (v) whether embryo selec-
tion is conducted through PGT-A or solely morphological/
morphokinetic criteria. Nevertheless, although several strat-
egies have been proposed, aiming at a maximization of ovar-
ian response and success in poor-prognosis patients (in
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particular poor responders), no standard management has
yet been outlined for them.

The evidence that multiple follicular waves can arise dur-
ing a single ovarian cycle in humans (5) represented a novel
model to describe human folliculogenesis and paved the
way to the introduction of unconventional stimulation proto-
cols to manage specific groups of infertile patients (6). The
extreme dynamism of folliculogenesis overtakes the classic
theory in which a single cohort of follicles starts growing
after luteal regression. Today, two more theories have been
proposed: the first states that the follicles start growing and
regress continuously during the ovarian cycle, and the
second states that 2–3 cohorts of antral follicles are recruited
in a single ovarian cycle according to the duration of the
ovarian cycle. These theories supported the definition of four
unconventional protocols for ovarian stimulation: (a) Random
start, in which COS is started at any phase of the ovarian
cycle, a regimen common for fertility preservation purposes
to minimize the time invested before starting oncological
treatment; (b) Late follicular phase stimulation (FPS) in which
the stimulation starts after the selection of the dominant fol-
licle or immediately before ovulation in case of fertility pres-
ervation; (c) Luteal phase stimulation (LPS) in which COS
begins with gonadotrophin administration between the 17th
and the 21st day of the cycle, a strategy which has been pro-
posed to patients with reduced ovarian reserve or previous
cancellation due to no response; (d) Double stimulation in the
same ovarian cycle (DuoStim) which complements FPS with
LPS in the same ovarian cycle, a strategy which has been
proposed to poor-prognosis patients, especially due to
reduced ovarian reserve and advanced maternal age, but
also for fertility preservation purposes (7,8).

DuoStim is useful to all patients who might benefit from
increasing the number of oocytes retrieved to maximize the
cumulative live birth rate (CLBR) per intention-to-treat (ITT)
(9), that is, the current measure of success in IVF (10).
Likewise, DuoStim seems to reduce the time to obtain
euploid blastocysts and, as Bosch and colleagues suggested,
avoid treatment discontinuation (11). The aim of this system-
atic review is to summarize the evidence already published
on putative advantages and disadvantages of the DuoStim
protocol for fertility preservation and IVF purposes.

A glimpse of double stimulation in animal models

Ovarian follicular dynamics have been described in different
large-animal models by daily transrectal ultrasound (12–14).
Along the inter-ovulatory interval, which varies according to
the species (ranging from 17 to 28 days), 2–4 waves of fol-
licular growth might emerge during both the follicular and
luteal phase throughout the ovarian cycle. For instance, folli-
culogenesis in bovine has been extensively studied. A wave
of follicular recruitment in cattle is characterized by the syn-
chronous growth of several follicles followed by the selection
of dominant ones and the consequent regression of the sub-
ordinates. During the oestrus cycle, usually two waves start
on day 0 and day 10, but also three waves might be
detected on day 0, day 9, and day 16. In the last decades,

many authors started to routinely collect oocytes in vivo
from bovine (once or twice a week). These oocyte retrievals
can occur in the presence of the corpus luteum (CL) that in
this species covers a large part of the oestrus cycle
(16–17 days) (15–17). Even in the luteal phase, the follicles
are sensitive to exogenous gonadotrophins that determine
an increase in their size and, if the CL is lysed through pros-
taglandin administration, ovulation can occur as well, and
the oocytes might even undergo regular fertilization. Many
studies were therefore successfully carried out also in vitro
and highlighted the fact that oocytes retrieved after LPS
might result in good-quality blastocysts and viable offspring
after assisted reproductive technology (ART) (18). Also, in the
horse, it is well known that follicles respond to gonadotro-
phins and are selected in the presence of CL. Specifically,
during the early gestation in mares (35–45 days post-fertiliza-
tion), a 4–8-follicle wave starts to grow, stimulated by the
secretion of equine chorionic gonadotrophin (eCG) produced
by the endometrial cups (an early formation of the chorion
placenta). As a consequence of the double activity of follicle-
stimulating hormone (FSH) and LH, the CG not only induces
the follicular growth but also determines their luteinization,
resulting in the formation of accessory CL. It is therefore
clear that, in both cattle and horses, the follicles remain sen-
sitive to gonadotrophins even though they are growing
under high and/or long-lasting progesterone influence.
Moreover, no alteration of the follicular dynamics (e.g. no
extension or alteration of the oestrus cycle and no ovarian
pathologies) has been observed when the animals were left
following their regular reproductive activity after several con-
secutive ovarian pick-ups (OPU), including those resulting
from LPS (19). Of note, in cattle, numerous consecutive OPUs
are possible only thanks to the ablation of dominant follicles
that would otherwise have negatively affected the recruit-
ment of the new cohorts of antral follicles.

Interestingly, the presence of CL and high levels of pro-
gesterone seems to modulate the effect of gonadotropins.
For instance, in sheep, progesterone has been proposed to
be a key endocrine signal governing periodic increases in
both serum FSH concentrations and number of follicular
waves per cycle. Whether these effects of luteal progesterone
on antral follicle lifespan are local, systemic (i.e. mediated by
changes in FSH/LH secretion), or both remains to be eluci-
dated. Hence, under the influence of luteal progesterone, the
sensitivity of FSH-producing gonadotrophins to GnRH may
increase, resulting in a higher secretion of FSH from the pitu-
itary gland. Moreover, circulating progesterone concentra-
tions may dictate the clearance rate of circulating FSH (14).

When is DuoStim indicated?

Oocyte cryopreservation is a great challenge for oncological
patients urgently needing fertility preservation prior to
undergoing chemotherapy and/or radiotherapy (20). In these
patients, it is crucial to maximize the number of cryopre-
served oocytes after COS in the short time-frame, to increase
the chance of future conception(s). In this regard, an ideal
number of oocytes to cryopreserve can be considered to be
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at least 10–15, mainly depending on maternal age (20–22).
For this reason, a random start protocol is used to speed up
fertility preservation and therefore reduce the delay to can-
cer treatment. Such a protocol is possible since there is no
need for ovarian–endometrial synchrony. However, in many
patients, there are not enough oocytes collected to ensure
reasonably good chances of pregnancy. Based on this, when
the time is limited and the oocytes collected from one stimu-
lation are insufficient, DuoStim protocols might be discussed
with the oncologist together with the patients as a valuable
option for fertility preservation (23–26).

DuoStim, combining two consecutive stimulations span-
ning a 5-day interval, has been put forward as a valuable
opportunity also for the management of poor-prognosis
patients such as women with reduced ovarian reserve and/or
advanced maternal age. The aim then is to maximize the
number of oocytes retrieved in a single ovarian cycle, or to
rescue patients in whom no oocytes were retrieved or com-
petent embryos were not produced after conventional FPS
(27–30). For these thorny populations of patients, there is
insufficient evidence to outline an ideal management since,
regardless of the COS protocol adopted, consistently low live
birth rates have been reported. In fact, oocyte quantity and
quality, which are both critical to increase CLBR per ITT,
could have suffered a dramatic physiological decline in these
women. Of note, if ageing impairs oocyte competence due
to insults such as mitochondria and cohesion dysfunction,
shortening of the telomeres, and spindle instability (31), also
‘young’ oocytes suffer from impairments that shape the win-
dow of the woman’s fertility. Specifically, the oocyte aneu-
ploidy rate follows a U-shaped curve with its highest
prevalence before menarche and just before menopause,
and its lowest prevalence at the age of 25 years (32).
Conversely, the oocyte competence to develop as a blasto-
cyst seems constant across the age range of the woman until
the age of 40 years (33), when it abruptly decreases. Both
these curves outline a sharp increase in the aneuploid blasto-
cyst rate, which from a rate of 25–30% in women younger
than 35 years might reach rates higher than 90% in patients
older than 42 years of age (34,35).

These data affect also the choice of an effective COS strat-
egy depending on the age range of the patient (<35 y,
35–40 y, or >40 y) (36). Moreover, beyond being responsible
for a decreased fertility, aneuploidies cause an increased
prevalence of vital chromosomal abnormalities, increased
miscarriage rates, as well as an increased prevalence of
numerical chromosomal abnormalities in new-borns (31).
Nevertheless, no therapy is available at present to minimize
the ageing-related damage listed above. The only available
strategy is to compensate the physiological decline in oocyte
and embryonic competence by collecting the highest pos-
sible number of mature oocytes (36,37). In our setting, the
DuoStim protocol is always combined with PGT-A and single
vitrified–warmed euploid blastocyst transfer, independently
of the number and morphological quality of the embryos
obtained after the two stimulations (38). The aim of this
approach is to try to reduce both the frustrating reiterated
implantation failures and the miscarriage rate after IVF

(39,40). These aspects are especially crucial to reduce the
drop-out in poor-prognosis patients (as for instance the
patient fulfilling the Bologna criteria) (41) without compro-
mising the overall efficacy of treatment (42).

Performance of the DuoStim protocol

The DuoStim protocol entails two consecutive stimulations in
a single ovarian cycle with the intent to increase the number
of oocytes retrieved and the blastocysts available for transfer
or PGT. The protocol involves a pre-treatment with luteal
oestradiol priming (4mg/day of oestradiol valerate) on day
21 of the previous menstrual cycle to promote the synchron-
ization and coordination of the follicular growth (43).
Transvaginal ultrasound and basal assessment of the ovaries
are performed on day 2 to day 3 of the menstrual cycle,
then luteal oestradiol priming is stopped, and FPS is started
with a fixed dose of recombinant FSH (r-FSH) 300 IU/day plus
r-LH 150 IU/day for 4 days. Follicular growth is monitored on
day 5 and then every 2–3 days depending on the progress of
the ovarian response. Flexible GnRH antagonist is adminis-
tered daily after the identification of a leading follicle with a
diameter �13–14mm in FPS and LPS until the day of ovula-
tion trigger. The final maturation of oocytes is triggered with
a subcutaneous bolus of buserelin (dose 0.5ml) to reduce
the time of luteolysis (44). Egg retrieval is performed 35h
after the trigger. Five days after the first retrieval, LPS is
started with the same protocol and daily dose regardless of
the number of visible antral follicles. In our group we pro-
pose DuoStim protocol combined with PGT-A and single
euploid vitrified–warmed blastocyst transfer.

Search procedure

This systematic review was conducted by searching the
MEDLINE (PubMed), Scopus, and Embase databases up to
October 2019. Combinations of the following keywords and
search terms were used: ‘DuoStim’, ‘luteal phase stimulation’,
‘luteal phase ovarian stimulation’, ‘dual stimulation’, ‘double
stimulation’, ‘ovarian stimulation’, ‘assisted reproductive tech-
nique’, ‘in vitro fertilization’. No time or language restriction
was adopted, and queries were limited to human studies.
The reference lists of relevant reviews and articles in press
were also hand-searched. Three reviewers (AV, DC, AC) eval-
uated titles and abstracts. Duplicates were removed using
Endnote online software and manually. Disagreements were
discussed and ultimately resolved by consensus between all
authors with the involvement of the most experienced ones
(CA, LR, FMU). We included all studies published that com-
prised case series and case reports in which two consecutive
stimulations were performed in the same menstrual cycle in
infertile women undergoing IVF or fertility preserva-
tion programmes.

A total of 264 search items were identified. After removal
of duplicates a total of 175 papers were scrutinised. Fifty-one
papers were assessed for eligibility. In the following review,
we included 21 papers, while 30 were excluded because
they were reviews, abstracts, or studies comparing FPS and
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LPS not in the same patient or ovarian cycle (Figure 1).
Table 1 represents a summary of all the studies included in
this systematic review and is presented as an electroni-
cal supplement.

Updated body of evidence regarding the clinical
implementation of DuoStim

The first case report of LPS subsequent to FPS was published
in 2013 by Xu and Li. They conducted LPS in a 41-year-old
woman in whom no eggs were retrieved from a first oocyte
pick-up (45). Since then, several studies have been published
of different design and number of patients undergoing dou-
ble stimulation for either fertility preservation or IVF purposes.
In 2014, Kuang et al. (8) reported more opportunities for
retrieving oocytes in a single month thanks to what is known
as the ‘Shanghai protocol’. According to this protocol, the first
stimulation was a conventional FPS, whereas LPS started on
the subsequent day of the first oocyte retrieval, when two or
more antral follicles were identified. Regarding these two stim-
ulations, two different regimens were adopted: for FPS, a com-
bination of clomiphene citrate 25mg/day starting on day 3 of
the cycle and until the triggering of ovulation, letrozole
2.5mg/day starting on day 3 for a total of 4 days, and human
menopausal gonadotrophin (HMG) 150 IU/day starting on day
6 and until the triggering of ovulation; for LPS, letrozole
2.5mg/day and HMG 225 IU/day, both starting from the day
of first oocyte retrieval and until the second triggering of ovu-
lation. Medrossiprogesterone acetate (MPA) was also adminis-
tered at the end. For both stimulations, ovulation was

triggered with triptorelin 0.1ml when follicular maturation
was finally achieved (8). In 2016, Wei et al. (46) confirmed the
same results as those of Kuang et al., with the same protocol
adopted in patients aged >40y, with a prior history of poor
response defined as �3 oocytes retrieved and an antral follicle
count (AFC) <6.

In the same year, Zhang et al. (47) showed, in a retro-
spective study based on 153 patients fulfilling the Bologna
criteria, that LPS results in more cumulus–oocyte complexes,
metaphase II (MII) oocytes, and zygotes and that embryos
obtained after LPS are characterised by higher implantation
rates. Moreover, Ubaldi et al. (38) published a proof of con-
cept that defines the first application of DuoStim (GnRH
antagonist protocol with a fixed r-FSH 300 IU/day dose com-
bined with r-LH 75 IU/day in both FPS and LPS) in 51 poor-
prognosis patients (anti-M€ullerian hormone [AMH]< 1.5 ng/
mL, AFC <6 follicles, and/or <5 oocytes retrieved in previous
IVF cycles) undergoing ICSI and PGT-A. GnRH agonist trigger
was then adopted with the aim of reducing the half-life of
the CL after oocyte collection and facilitate the recruitment
of follicles from the luteal wave. Here, no statistically signifi-
cant difference was found in terms of number of MII oocytes
retrieved, fertilisation, blastocyst, and euploid blastocyst rates
between FPS and LPS. As a consequence, DuoStim increased
the final transferable blastocyst yield per ovarian cycle with
respect to FPS-only (38). These results were confirmed in a
larger number of patients one year later (7). In 2017, two
retrospective studies reported that double stimulation
increases the number of oocytes retrieved in a short period
of time: Cardoso et al. (48) compared the conventional
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antagonist protocol to DuoStim in 13 patients with a previ-
ous history of failed IVF treatments, while Liu et al. (49)
investigated the efficacy of DuoStim compared with FPS-only
in advanced maternal age patients (mean age: 42 ± 3 years).
In both cases, twice as many embryos were obtained with
DuoStim. In Liu’s study also, the cancellation rate decreased
from 37% to 18% with DuoStim.

A further pilot study published in 2017 by Tsampras et al.
(23) tested the efficacy of double stimulation for fertility
preservation in oncological patients. Ten patients underwent
double stimulation with GnRH antagonist and HMG protocol.
This protocol increased the number of oocytes retrieved and
consequently vitrified, without delaying cancer treatment. In
2018, another two studies (50,51) demonstrated how double
stimulation could be effective in patients with poor ovarian
reserve. Jin et al. (50) in a retrospective study compared dou-
ble stimulation (Group A, n¼ 76 poor responders) to LPS-
only (Group B) and to mild ovarian stimulation (Group C).
Although after FPS fewer oocytes were collected and fewer
embryos produced in Group A than in Groups B and C, their
overall numbers in a single ovarian cycle were significantly
higher with the contribution of LPS (50). Rashtian and Zhang
assessed whether DuoStim in advanced maternal age
patients (mean age: 42 years) might produce a higher num-
ber of oocytes compared with FPS-only. In their study, 69
women with diminished ovarian response underwent a
GnRH antagonist protocol with r-FSH, letrozole, and clomi-
phene citrate for both stimulations. The ovulation was trig-
gered with GnRH agonist in FPS and with hCG in LPS. There
was no statistically significant difference between the num-
ber of oocytes retrieved. Therefore, the addition of LPS to
FPS doubled the number of inseminated oocytes in a single
ovarian cycle (51).

Two more studies were published in 2018: Cimadomo
et al. (52) reported that the cohorts of oocytes obtained after
LPS from 188 patients are larger than their paired-FPS-
derived cohorts and showed a comparable competence in
terms of blastulation rate and euploidy rate. Vaiarelli et al.
(27), on the other hand, conducted a multicentre study
which confirmed the reproducibility of the results with con-
sistently superior outcomes utilising the DuoStim application
in 310 poor-prognosis patients from four IVF centres. In par-
ticular, 65.5% of the patients obtained at least one euploid
blastocyst after DuoStim rather than 42% if only FPS had
been carried out. In 2019, Madani et al. (53) published a pro-
spective clinical study based on the adoption of DuoStim to
treat 121 patients fulfilling the Bologna criteria. Double
stimulation was performed by letrozole, clomid, HMG, and
GnRH agonist and was found to be a time-saving and
patient-friendly regimen. Alsbjerg et al. (54) reported a case
series of 54 poor responders classified according to the
Bologna criteria (mean age: 37 years), who were treated with
DuoStim performed with corifollitropin-alfa. Also in this
study, DuoStim was confirmed as a valuable alternative to
conventional FPS to increase the overall number of oocytes
retrieved and decrease the risk for cycle cancellation.
Hatirnaz et al. (55) demonstrated in a retrospective study
including 51 women that double stimulation is convenient in

the management of patients with premature ovarian insuffi-
ciency (POI). They reported that double stimulation halves
the number of oocyte retrievals required to obtain at least
two transferable good-quality cleavage stage embryos com-
pared with several consecutive conventional stimulations. In
a recent observational study of patients fulfilling the Bologna
criteria, 100 out of 297 patients had agreed to undergo
DuoStim after extensive counselling (42). In these couples,
the CLBR per ITT was 15% in a single ovarian cycle, whereas
the corresponding figure was 8% among the 197 patients
choosing a conventional COS strategy and undergoing up to
two oocyte retrievals in a 2-year period. In fact, only 17
patients not conceiving after a first failed attempt returned
for a second one in the latter study arm. Therefore, the
authors underlined that DuoStim application in patients ful-
filling the Bologna criteria prevents cycle discontinuation,
thereby conferring a higher chance to conceive in a shorter
time-frame (42). Furthermore, Cimadomo et al. (56) identified
the miRNomic signatures of the follicular fluids collected
from 15 poor-prognosis patients after FPS and paired-LPS.
No difference was reported, thereby further suggesting the
safety of LPS. Lastly, an ongoing non-selection study, the
interim analysis of which has been presented at the ESHRE
annual meeting held in Barcelona in 2018 (57), outlined the
absence of differences in terms of obstetrical and neonatal
outcomes between FPS-derived and LPS-derived live births.

Weaknesses, risks, and concerns related to DuoStim

The personalisation of COS has represented a game-changer
for the management of poor-prognosis patients undergoing
IVF (29). Clearly, DuoStim fits into this scenario, and its
strengths and weaknesses must therefore be outlined.
DuoStim still needs a cost-benefit analysis and a randomised
controlled trial (RCT) that compares it with consecutive con-
ventional FPS. More data regarding its safety from a bio-
logical, clinical, and neonatal perspective are still required.
The mandatory need for a freeze-all strategy represents an
inevitable limitation (27). Then, a consensus regarding
DuoStim protocol should be built in terms of timing, kind,
and dosage of the medications adopted in the LPS. The
luteal phase is characterised by the presence of the CL,
higher progesterone and oestrogen levels, and evidence
demonstrating that, after GnRH agonist trigger in antagonist
protocols, luteolysis differs greatly among patients and
depends on: (i) levels of progesterone on the day of final
oocyte maturation and oocyte retrieval; (ii) duration of ovar-
ian stimulation; (iii) number of days of suppression; (iv) total
dosage of the medications used for ovarian suppression; and
(v) number of oocytes retrieved (44). Therefore, the begin-
ning of the menstruation following agonist triggering is to
be considered patient-specific. The use of gonadotropins a
few days after agonist trigger in the luteal phase of the ovar-
ian cycle allows the rescue of small antral follicles that other-
wise would have been lost because they are recruited from a
physiologically anovulatory luteal wave (6,7). Yet, the choice
of the medications in a DuoStim protocol should be based
on their effectiveness. Although the Shanghai protocol
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suggested the use of clomiphene citrate and letrozole in the
FPS, a Cochrane review published in 2017 did not support
their use, also due to an increased risk for cycle cancellation
as well as for a lower number of oocytes retrieved in poor
responders (58). Similarly, several RCTs (59–62) and meta-
analyses (63–65) reported better efficacy in terms of oocyte
retrieval after COS with r-FSH compared with HMG.
Moreover, the total amount of gonadotrophins used is lower
when COS is performed with r-FSH compared with HMG
(66,67). All these aspects must be considered when we treat
poor-prognosis patients where even a single oocyte can
make a huge difference in terms of cumulative results and
cost-benefit (28).

Finally, the choice of a r-LH supplementation during
DuoStim is based on its role in promoting steroidogenesis
and folliculogenesis (68). Indeed, LH increases androgen pro-
duction, stimulates early stages of follicular growth, increases
the recruitment of pre-antral and antral follicles, and
increases the expression of FSH receptors in the granulosa
cells (69). All these aspects are especially important in
patients of advanced maternal age or poor/sub-optimal res-
ponders subject to ageing-derived reduction in androgen
production and to inadequate levels of endogenous andro-
gens, in turn associated with a decreased ovarian sensitivity
and responsiveness to exogenous FSH (29,70,71). Although
there is no consensus about LH measurement and a correct
therapeutic window, its supplementation in COS seems help-
ful for the treatment of advanced maternal age patients
undergoing a GnRH antagonist protocol in terms of lower
dose of r-FSH and higher IVF outcomes with no increase of
the overall costs (72,73). All these issues indirectly related
with DuoStim are still controversial and debated in the scien-
tific community.

Conclusions

The wave theory of follicle recruitment was developed in
several animal models before it was confirmed in women.
That evidence introduced important clinical implications for
the personalized approach of COS in specific patients under-
going IVF. The exploitation of both the ovulatory (major) and
the anovulatory (minor) waves has allowed the implementa-
tion of new unconventional COS protocols, among which
DuoStim is one of the most promising, especially for the
treatment of poor-prognosis patients (advanced maternal
age and/or reduced ovarian response) and patients requiring
fertility preservation for medical reasons. Although the qual-
ity of the clinical studies focussed on the implementation of
DuoStim is moderate–low, all of them highlighted that a
double stimulation is a valid option to increase the number
of oocytes/embryos in a single ovarian cycle. The LPS-derived
cohorts of oocytes were also larger than their paired-FPS-
derived ones while showing a comparable competence in
terms of blastulation and euploidy rate. These results cer-
tainly support the important contribution LPS has in poor-
prognosis and oncological patients, with a limited amount of
time and insufficient numbers of oocytes to grant a reason-
able chance of IVF success. Nevertheless, additional clinical

and basic research studies on this topic are needed to fur-
ther encourage the personalisation of COS in specific popula-
tions of patients.

Disclosure statement

AV, FMU, LR, and CA report personal fees and honoraria outside the sub-
mitted work. DC, SF, AC, SL, NU, and CP have nothing to disclose.

Notes on contributors

Filippo Maria Ubaldi, MD, PhD, is the Clinical Director of the G.EN.E.R.A.
Centres for Reproductive Medicine.

Laura Rienzi, MSc, is the Laboratory Director of the G.EN.E.R.A. Centres
for Reproductive Medicine.

Danilo Cimadomo, PhD, is the Scientific Coordinator of the G.EN.E.R.A.
Centres for Reproductive Medicine.

Alberto Vaiarelli, MD, PhD, is a Specialist in Obstetrics and Gynaecology
and has a Master degree in Reproductive Medicine, Andrology, and IVF.
He works at the G.EN.E.R.A. Centre for Reproductive Medicine of Rome.

Carlo Alviggi, MD, PhD, is Associate Professor in Obstetrics and
Gynaecology at the Department of Neuroscience, Reproductive Science
and Odontostomatology, University Federico II of Naples.

Alessandro Conforti, MD, PhD, is a Specialist in Obstetrics and
Gynaecology at the Department of Neuroscience, Reproductive Science
and Odontostomatology, University Federico II of Naples.

Sergio Ledda, PhD, is Professor in Veterinary Medicine at the University
of Sassari.

Cecilia Petriglia, MD, is a resident in Obstetrics and Gynaecology at the
University of Cagliari, Policlinico Universitario Duilio Casula
of Monserrato.

Susanna Ferrero, MD, is a Specialist in Obstetrics and Gynaecology. She
works at the G.EN.E.R.A. Centre for Reproductive Medicine of Rome.

Nicol�o Ubaldi is a Medical Student of the Catholic University of the
Sacred Heart of Rome.

References

1. Venturella R, Vaiarelli A, Lico D, Ubaldi FM, Zullo F, DI Carlo C. A
modern approach to the management of candidates for assisted
reproductive technology procedures. Minerva Ginecol. 2018;70:
69–83.

2. Rienzi L, Gracia C, Maggiulli R, LaBarbera AR, Kaser DJ, Ubaldi FM,
et al. Oocyte, embryo and blastocyst cryopreservation in ART: sys-
tematic review and meta-analysis comparing slow-freezing versus
vitrification to produce evidence for the development of global
guidance. Hum Reprod Update. 2017;23:139–55.

3. Patrizio P, Vaiarelli A, Levi Setti PE, Tobler KJ, Shoham G, Leong M,
et al. How to define, diagnose and treat poor responders?
Responses from a worldwide survey of IVF clinics. Reprod Biomed
Online. 2015;30:581–92.

4. Ubaldi F, Vaiarelli A, D’Anna R, Rienzi L. Management of poor res-
ponders in IVF: is there anything new? Biomed Res Int. 2014;2014:
1–10.

5. Baerwald AR, Adams GP, Pierson RA. Ovarian antral folliculogene-
sis during the human menstrual cycle: a review. Hum Reprod
Update. 2012;18:73–91.

6. Massin N. New stimulation regimens: endogenous and exogenous
progesterone use to block the LH surge during ovarian stimula-
tion for IVF. Hum Reprod Update. 2017;23:211–20.

128 A. VAIARELLI ET AL.



7. Vaiarelli A, Venturella R, Vizziello D, Bulletti F, Ubaldi FM. Dual
ovarian stimulation and random start in assisted reproductive
technologies: from ovarian biology to clinical application. Curr
Opin Obstet Gynecol. 2017;29:153–9.

8. Kuang Y, Chen Q, Hong Q, Lyu Q, Ai A, Fu Y, et al. Double stimu-
lations during the follicular and luteal phases of poor responders
in IVF/ICSI programmes (Shanghai protocol). Reprod Biomed
Online. 2014;29:684–91.

9. Drakopoulos P, Blockeel C, Stoop D, Camus M, de Vos M,
Tournaye H, et al. Conventional ovarian stimulation and single
embryo transfer for IVF/ICSI. How many oocytes do we need to
maximize cumulative live birth rates after utilization of all fresh
and frozen embryos? Hum Reprod. 2016;31:370–6.

10. Drakopoulos P, Errazuriz J, Santos-Ribeiro S, Tournaye H, Vaiarelli
A, Pluchino N, et al. Cumulative live birth rates in IVF. Minerva
Ginecol. 2019;71:207–10.

11. Bosch E, Bulletti C, Copperman AB, Fanchin R, Yarali H, Petta CA,
et al. How time to healthy singleton delivery could affect deci-
sion-making during infertility treatment: a Delphi consensus.
Reprod Biomed Online. 2019;38:118–30.

12. Mihm M, Austin EJ, Good TE, Ireland JL, Knight PG, Roche JF, et al.
Identification of potential intrafollicular factors involved in selec-
tion of dominant follicles in heifers. Biol Reprod. 2000;63:811–9.

13. Medan MS, Watanabe G, Sasaki K, Sharawy S, Groome NP, Taya K.
Ovarian dynamics and their associations with peripheral concen-
trations of gonadotropins, ovarian steroids, and inhibin during the
estrous cycle in goats. Biol Reprod. 2003;69:57–63.

14. Bartlewski PM, Baby TE, Giffin JL. Reproductive cycles in sheep.
Anim Reprod Sci. 2011;124:259–68.

15. Pieterse MC, Kappen KA, Kruip TA, Taverne MA. Aspiration of
bovine oocytes during transvaginal ultrasound scanning of the
ovaries. Theriogenology. 1988;30:751–62.

16. Pieterse MC, Vos PL, Kruip TA, Wurth YA, van Beneden TH,
Willemse AH, et al. Transvaginal ultrasound guided follicular aspir-
ation of bovine oocytes. Theriogenology. 1991;35:857–62.

17. Galli C, Crotti G, Notari C, Turini P, Duchi R, Lazzari G. Embryo pro-
duction by ovum pick up from live donors. Theriogenology. 2001;
55:1341–57.

18. Saad M, Sarwar Z, Saleem M, Arshad U, Shahzad M, Hassan
Mushtaq M, et al. Effect of plasma progesterone on oocyte recov-
ery, oocyte quality, and early in-vitro developmental competence
of embryos in Bos indicus dairy cows. Anim Reprod Sci. 2019;202:
80–6.

19. Garcia A, Salaheddine M. Effects of repeated ultrasound-guided
transvaginal follicular aspiration on bovine oocyte recovery and
subsequent follicular development. Theriogenology. 1998;50:
575–85.

20. Cobo A, Garc�ıa-Velasco JA, Coello A, Domingo J, Pellicer A,
Remoh�ı J. Oocyte vitrification as an efficient option for elective
fertility preservation. Fertil Steril. 2016;105:755–64.e8.

21. Sunkara SK, Rittenberg V, Raine-Fenning N, Bhattacharya S,
Zamora J, Coomarasamy A. Association between the number of
eggs and live birth in IVF treatment: an analysis of 400 135 treat-
ment cycles. Hum Reprod. 2011;26:1768–74.

22. Cobo A, Garrido N, Pellicer A, Remohi J. Six years’ experience in
ovum donation using vitrified oocytes: report of cumulative out-
comes, impact of storage time, and development of a predictive
model for oocyte survival rate. Fertil Steril. 2015;104:1426–34
e1–8.

23. Tsampras N, Gould D, Fitzgerald CT. Double ovarian stimulation
(DuoStim) protocol for fertility preservation in female oncology
patients. Hum Fertil (Camb). 2017;20:248–53.

24. Moffat R, Pirtea P, Gayet V, Wolf JP, Chapron C, de Ziegler D. Dual
ovarian stimulation is a new viable option for enhancing the
oocyte yield when the time for assisted reproductive technnology
is limited. Reprod Biomed Online. 2014;29:659–61.

25. Sighinolfi G, Sunkara SK, La Marca A. New strategies of ovarian
stimulation based on the concept of ovarian follicular waves: from
conventional to random and double stimulation. Reprod Biomed
Online. 2018;37:489–97.

26. Venturella R, Vaiarelli A, Cimadomo D, Pedri S, Lico D, Mazzilli R.
State of the art and emerging drug therapies for female infertility.
Gynecol Endocrinol 2019; 29:1–7.

27. Vaiarelli A, Cimadomo D, Trabucco E, Vallefuoco R, Buffo L, Dusi L,
et al. Double stimulation in the same ovarian cycle (DuoStim) to
maximize the number of oocytes retrieved from poor prognosis
patients: a multicenter experience and SWOT analysis. Front
Endocrinol (Lausanne) 2018;9:317.

28. Vaiarelli A, Cimadomo D, Ubaldi N, Rienzi L, Ubaldi FM. What is
new in the management of poor ovarian response in IVF? Curr
Opin Obstet Gynecol. 2018;30:155–62.

29. Conforti A, Esteves SC, Cimadomo D, Vaiarelli A, Di Rella F, Ubaldi
FM, et al. Management of women with an unexpected low ovar-
ian response to gonadotropin. Front Endocrinol (Lausanne). 2019;
10:387.

30. Vaiarelli A, Cimadomo D, Argento C, Ubaldi N, Trabucco E,
Drakopoulos P, et al. Double stimulation in the same ovarian cycle
(DuoStim) is an intriguing strategy to improve oocyte yield and
the number of competent embryos in a short timeframe. Minerva
Ginecol. 2019;71:372–6.

31. Cimadomo D, Fabozzi G, Vaiarelli A, Ubaldi N, Ubaldi FM, Rienzi L.
Impact of maternal age on oocyte and embryo competence. Front
Endocrinol (Lausanne). 2018;9:327.

32. Gruhn JR, Zielinska AP, Shukla V, Blanshard R, Capalbo A,
Cimadomo D, et al. Chromosome errors in human eggs shape nat-
ural fertility over reproductive life span. Science. 2019;365:1466–9.

33. Maggiulli R, Cimadomo D, Fabozzi G, Papini L, Dovere L, Ubaldi
FM, et al. The effect of ICSI-related procedural timings and opera-
tors on the outcome. Hum Reprod. 2020;35:32–43.

34. Franasiak JM, Forman EJ, Hong KH, Werner MD, Upham KM, Treff
NR, et al. The nature of aneuploidy with increasing age of the
female partner: a review of 15,169 consecutive trophectoderm
biopsies evaluated with comprehensive chromosomal screening.
Fertil Steril. 2014;101:656–63 e1.

35. Capalbo A, Hoffmann ER, Cimadomo D, Maria Ubaldi F, Rienzi L.
Human female meiosis revised: new insights into the mechanisms
of chromosome segregation and aneuploidies from advanced
genomics and time-lapse imaging. Hum Reprod Update. 2017;23:
706–22.

36. Ubaldi FM, Cimadomo D, Vaiarelli A, Fabozzi G, Venturella R,
Maggiulli R, et al. Advanced maternal age in IVF: still a challenge?
The present and the future of its treatment. Front Endocrinol
(Lausanne). 2019;10:94.

37. Ubaldi FM, Cimadomo D, Capalbo A, Vaiarelli A, Buffo L, Trabucco
E, et al. Preimplantation genetic diagnosis for aneuploidy testing
in women older than 44 years: a multicenter experience. Fertil
Steril. 2017;107:1173–80.

38. Ubaldi FM, Capalbo A, Vaiarelli A, Cimadomo D, Colamaria S,
Alviggi C, et al. Follicular versus luteal phase ovarian stimulation
during the same menstrual cycle (DuoStim) in a reduced ovarian
reserve population results in a similar euploid blastocyst formation
rate: new insight in ovarian reserve exploitation. Fertil Steril. 2016;
105:1488–95.

39. Chen M, Wei S, Hu J, Quan S. Can comprehensive chromosome
screening technology improve IVF/ICSI outcomes? A meta-analysis.
PLoS One. 2015;10:e0140779.

40. Dahdouh EM, Balayla J, Garcia-Velasco JA. Comprehensive
chromosome screening improves embryo selection: a meta-ana-
lysis. Fertil Steril. 2015;104:1503–12.

41. Ferraretti AP, La Marca A, Fauser BC, Tarlatzis B, Nargund G,
Gianaroli L; on behalf of the ESHRE working group on Poor
Ovarian Response Definition. ESHRE consensus on the definition
of ‘poor response’ to ovarian stimulation for in vitro fertilization:
the Bologna criteria. Hum Reprod. 2011;26:1616–24.

42. Vaiarelli A, Cimadomo D, Conforti A, Schimberni M, Giuliani M,
D’Alessandro P, et al. Luteal phase after conventional stimulation
in the same ovarian cycle might improve the management of
poor responder patients fulfilling the Bologna Criteria: a case ser-
ies. Fertil Steril. 2020;113:121–30.

UPSALA JOURNAL OF MEDICAL SCIENCES 129



43. Reynolds KA, Omurtag KR, Jimenez PT, Rhee JS, Tuuli MG,
Jungheim ES. Cycle cancellation and pregnancy after luteal estra-
diol priming in women defined as poor responders: a systematic
review and meta-analysis. Hum Reprod. 2013;28:2981–9.

44. Lawrenz B, Garrido N, Samir S, Ruiz F, Melado L, Fatemi HM.
Individual luteolysis pattern after GnRH-agonist trigger for final
oocyte maturation. PLoS One. 2017;12:e0176600.

45. Xu B, Li Y. Flexible ovarian stimulation in a poor responder: a case
report and literature review. Reprod Biomed Online. 2013;26:378–83.

46. Wei LH, Ma WH, Tang N, Wei JH. Luteal-phase ovarian stimulation
is a feasible method for poor ovarian responders undergoing
in vitro fertilization/intracytoplasmic sperm injection-embryo trans-
fer treatment compared to a GnRH antagonist protocol: a retro-
spective study. Taiwan J Obstet Gynecol. 2016;55:50–4.

47. Zhang Q, Guo XM, Li Y. Implantation rates subsequent to the trans-
fer of embryos produced at different phases during double stimula-
tion of poor ovarian responders. Reprod Fertil Dev. 2017;29:1178–83.

48. Cardoso MCA, Evangelista A, Sartorio C, Vaz G, Werneck CLV,
Guimaraes FM, et al. Can ovarian double-stimulation in the same
menstrual cycle improve IVF outcomes? JBRA Assist Reprod. 2017;
21:217–21.

49. Liu C, Jiang H, Zhang W, Yin H. Double ovarian stimulation during
the follicular and luteal phase in women >/¼38 years: a retrospect-
ive case-control study. Reprod Biomed Online. 2017;35:678–84.

50. Jin B, Niu Z, Xu B, Chen Q, Zhang A. Comparison of clinical out-
comes among dual ovarian stimulation, mild stimulation and
luteal phase stimulation protocols in women with poor ovarian
response. Gynecol Endocrinol. 2018;34:694–7.

51. Rashtian J, Zhang J. Luteal-phase ovarian stimulation increases the
number of mature oocytes in older women with severe dimin-
ished ovarian reserve. Syst Biol Reprod Med. 2018;64:216–9.

52. Cimadomo D, Vaiarelli A, Colamaria S, Trabucco E, Alviggi C,
Venturella R, et al. Luteal phase anovulatory follicles result in the
production of competent oocytes: intra-patient paired case-control
study comparing follicular versus luteal phase stimulations in the
same ovarian cycle. Hum Reprod. 2018;33:1442–8.

53. Madani T, Hemat M, Arabipoor A, Khodabakhshi SH, Zolfaghari Z.
Double mild stimulation and egg collection in the same cycle for
management of poor ovarian responders. J Gynecol Obstet Hum
Reprod. 2019;48:329–33.

54. Alsbjerg B, Haahr T, Elbaek HO, Laursen R, Povlsen BB,
Humaidan P. Dual stimulation using corifollitropin alfa in 54
Bologna criteria poor ovarian responders – a case series. Reprod
Biomed Online. 2019;38:677–82.

55. Hatirnaz S, Ata B, Hatirnaz E, Basbug A, Tannus S. Dual oocyte
retrieval and embryo transfer in the same cycle for women with pre-
mature ovarian insufficiency. Int J Gynecol Obstet. 2019;145:23–7.

56. Cimadomo D, Carmelo R, Parrotta EI, Scalise S, Santamaria G,
Alviggi E, et al. Similar miRNomic signatures characterize the fol-
licular fluids collected after follicular and luteal phase stimulations
in the same ovarian cycle. J Assist Reprod Genet. 2020;37:149–58.

57. Vaiarelli A, Cimadomo D, Colamaria S, Ferrero S, Giuliani M,
Trabucco E, et al. No evidences that implantation of vitrified
euploid blastocysts is influenced by ovarian stimulation conducted
in luteal versus follicular phase: interim analysis of a prospective
multicentre study. Hum Reprod 2018;33:i138–i9.

58. Kamath MS, Maheshwari A, Bhattacharya S, Lor KY, Gibreel A. Oral
medications including clomiphene citrate or aromatase inhibitors
with gonadotropins for controlled ovarian stimulation in women
undergoing in vitro fertilisation. Cochrane Database Syst Rev. 2017;
11:CD008528.

59. Andersen AN, Devroey P, Arce JC. Clinical outcome following
stimulation with highly purified hMG or recombinant FSH in
patients undergoing IVF: a randomized assessor-blind controlled
trial. Hum Reprod. 2006;21:3217–27.

60. Bosch E, Vidal C, Labarta E, Simon C, Remohi J, Pellicer A. Highly
purified hMG versus recombinant FSH in ovarian hyperstimulation
with GnRH antagonists – a randomized study. Hum Reprod. 2008;23:
2346–51.

61. Hompes PG, Broekmans FJ, Hoozemans DA, Schats R, FIRM group.
Effectiveness of highly purified human menopausal gonadotropin
vs. recombinant follicle-stimulating hormone in first-cycle in vitro
fertilization-intracytoplasmic sperm injection patients. Fertil Steril.
2008;89:1685–93.

62. Devroey P, Pellicer A, Nyboe Andersen A, Arce JC. Menopur in
GnRH Antagonist Cycles with Single Embryo Transfer Trial Group.
A randomized assessor-blind trial comparing highly purified hMG
and recombinant FSH in a GnRH antagonist cycle with compulsory
single-blastocyst transfer. Fertil Steril. 2012;97:561–71.

63. Lehert P, Kolibianakis EM, Venetis CA, Schertz J, Saunders H,
Arriagada P, et al. Recombinant human follicle-stimulating hormone
(r-hFSH) plus recombinant luteinizing hormone versus r-hFSH alone
for ovarian stimulation during assisted reproductive technology: sys-
tematic review and meta-analysis. Reprod Biol Endocrinol. 2014;12:17.

64. Levi Setti PE, Alviggi C, Colombo GL, Pisanelli C, Ripellino C,
Longobardi S, et al. Human recombinant follicle stimulating hor-
mone (rFSH) compared to urinary human menopausal gonadotropin
(HMG) for ovarian stimulation in assisted reproduction: a literature
review and cost evaluation. J Endocrinol Invest. 2015;38:497–503.

65. Santi D, Casarini L, Alviggi C, Simoni M. Efficacy of follicle-stimulat-
ing hormone (FSH) alone, FSHþ luteinizing hormone, human
menopausal gonadotropin or FSHþhuman chorionic gonado-
tropin on assisted reproductive technology outcomes in the
“Personalized; Medicine Era: A Meta-analysis”. Front Endocrinol
(Lausanne). 2017;8:114.

66. Lehert P, Schertz JC, Ezcurra D. Recombinant human follicle-stimu-
lating hormone produces more oocytes with a lower total dose
per cycle in assisted reproductive technologies compared with
highly purified human menopausal gonadotrophin: a meta-ana-
lysis. Reprod Biol Endocrinol. 2010;8:112.

67. Shavit T, Shalom-Paz E, Samara N, Aslih N, Michaeli M, Ellenbogen
A. Comparison between stimulation with highly purified hMG or
recombinant FSH in patients undergoing IVF with GnRH antagon-
ist protocol. Gynecol Endocrinol. 2016;32:629–33.

68. Mochtar MH, Danhof NA, Ayeleke RO, Van der Veen F, van Wely
M. Recombinant luteinizing hormone (rLH) and recombinant fol-
licle stimulating hormone (rFSH) for ovarian stimulation in IVF/ICSI
cycles. Cochrane Database Syst Rev. 2017;5:CD005070.

69. Balasch J, Fabregues F, Casamitjana R, Penarrubia J, Vanrell JA. A
pharmacokinetic and endocrine comparison of recombinant follicle-
stimulating hormone and human menopausal gonadotrophin in
polycystic ovary syndrome. Reprod Biomed Online. 2003;6:296–301.

70. Hill MJ, Levens ED, Levy G, Ryan ME, Csokmay JM, DeCherney AH,
et al. The use of recombinant luteinizing hormone in patients
undergoing assisted reproductive techniques with advanced
reproductive age: a systematic review and meta-analysis. Fertil
Steril. 2012;97:1108–14 e1.

71. Alviggi C, Conforti A, Esteves SC, Andersen CY, Bosch E, Buhler K,
et al. Recombinant luteinizing hormone supplementation in
assisted reproductive technology: a systematic review. Fertil Steril.
2018;109:644–64.

72. Wex J, Abou-Setta AM. Economic evaluation of highly purified
human menopausal gonadotropin versus recombinant human fol-
licle-stimulating hormone in fresh and frozen in vitro fertilization/
intracytoplasmic sperm-injection cycles in Sweden. Clinicoecon
Outcomes Res. 2013;5:381–97.

73. Mennini FS, Marcellusi A, Viti R, Bini C, Carosso A, Revelli A, et al.
Probabilistic cost-effectiveness analysis of controlled ovarian
stimulation with recombinant FSH plus recombinant LH vs. human
menopausal gonadotropin for women undergoing IVF. Reprod
Biol Endocrinol. 2018;16:68.

74. Zhang W, Wang M, Wang S, Bao H, Qu E, Zhang N, et al. Luteal
phase ovarian stimulation for poor ovarian responders. JBRA
Assist Reprod. 2018;22:193–98.

75. Lin LT, Vitale SG, Chen SN, Wen ZH, Tsai HW, Chern CU, et al.
Luteal phase ovarian stimulation may improve oocyte retrieval
and oocyte quality in poor ovarian responders undergoing in vitro
fertilization: preliminary results from a single-center prospective
pilot study. Adv Ther. 2018;35:847–56.

130 A. VAIARELLI ET AL.


	Abstract
	Introduction
	A glimpse of double stimulation in animal models
	When is DuoStim indicated?
	Performance of the DuoStim protocol
	Search procedure
	Updated body of evidence regarding the clinical implementation of DuoStim
	Weaknesses, risks, and concerns related to DuoStim
	Conclusions
	Disclosure statement
	References


